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RNGINEERING FIELD MNUAL 

CEIAPTRR 5. PRRPARATION OF ENGINEERING PUNS 

1. GENERAL 

DEPINITION 

The preparation of engineering plans is the orderly process of col- 
lecting, recording, and analyzing all the facts and data aeeded to arrive 
at a satisfactory solution to a problem. 

The final engineering plan usually is presented by graphic and nar- 
rative methods which outline the kind, scope and quality of work to be 
accomplished. 

INTRCDUCTI~ 

The material presented is to be used as a guide in analyzing site 
conditions and preparing engineering plans. 

Of primary importance is the need for technicians to collect suffi- 
cient data to permit them to identify the problem and its scope before 
attempting to develop a plan for getting rid of the problem. 

Of equal importance is the need to: 1) Follow a systematic approach 
in the collection of site information; 2) consider alternate solutions; 
and 3) use accepted procedures for developing designs and plans for con- 
servation measures as outlined in this manual. 

This chapter has application in the development of plans and specifi- 
cations for conservation practices that are normally developed and in- 
stalled by the work unit staff, using standard forms, designs, and speci- 
fications. However* it also includes elements of the engineering process 
required for more complex plans. 

2. PT.ANNING PROCEDURES 

GENERAL 

Certain basic steps should be taken in analyzing the problem and pre- 
paring the engineering plan for conservation measures, regardless of the 
size and complexity of the work. The same proceae of thought and action 
applies whether the job involves a simple irrigation turnout structure or 
a large dam or major group enterprise. 



s-2 

The baeic etope exe: 

1. Identification of the problm and itr mope. 

2. Site itweatlgation. 

3. Collection of bark deeign date. 

4, Assembly aad an4lyria of data. 

6. Reparation of plane and rpecificationr, 

7. Revlam and epprwel of plaa. 

The work urrit technician needr to recognite the importance of an early 
appraisal of the rire end complexity of the job in terPlr of claeeificatiou 
and approval. Project requerte th4t apparently are in a claer beyond the 
ecope of the work unit’r approval rhould be referred tidletely to 4 
higher level. Such ttily actim pray prevent tha loem of valuable time. 

COLLECTIWG DATA 

Iden.&&,@zation of the Rob- 

Owner ’ 8 Pronoae& 
A clear undermteding of the objective8 of the propored measure(e) ie 

essential. The epecific requirmentr ehould be diecuesed with the coopera- 
tor on the cite. Often the cooperator hna given considerable thought to 
the problem and ite rolution, and his ruggerticma msy be helpful in ana- 
lyging the problem and itr ecope. 

Need end Feasibility 
In the preliminary review of the propoeel, conriderati~ rhould be 

given to the existing end potential dmgee end the feaeibility end need 
for the work. Requests for rtructures or practicea that apparently are 
not feaeible or needed ehwld be fully discussed with the cooperator and 
other intereeted pertiea, leading to withdrasnl of the request or sccept- 
ence of en alternate measure. 

Alternate Method8 
After coneidering the rite condition8 and objectivea to be met, con- 

sideration needs to be given to other eolutiona that appear to have merit. 
The more desirable alternate0 should be diacueeed with the cooperator. 
Further investigation and plenuiug is then directed to the analysis of 
those corrective methale, 

Site Investifzatione 

Available Des 
The eite should be otudled to define the detail end extent of the 

needed inveetlgetimr. All available date, euch ae soila, geology, 
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hydrology, and climatology of the site ehould be reviewed and a decision 
made ae to the amount of additional data required to derign the coueerva- 
tion practice. Conelderation of pertinent data that my be available in 
reporte or papers prepared outside the Service aleo may be helpful. 

Collecm Additional Data 
Arrangements for collecting additioual data urually need to be 

started at an early date. Occasioually the cooperator will be naked to 
help in collecting the data. Eis aeeietance should be diecueeed and a 
firm echedule agreed upon. Service pereomel and equlparent aleo should 
be scheduled so that action may proceed in an orderly manner. 

Collectinn Basic Deeinn Datg 

The follmiug Item repreeent data that may be required to develop an 
engineering plan, All Items my not apply for the average eltuation, but 
additional inveetlgatioue will be required for complex projecta. The tech- 
nician should carefully analyze the available data and arrange for the col- 
lection of the additional information needed. 

Watershed MD 
All waterehed iafonmtlou pertinent to the analyelr and design of the 

proposed worka should be areembled and recorded on a prepared form or a 
map. The degree of detail needed will depend upon the caplexity of the 
structure or measure. Watershed information used for the analysis and 
eolution of the problem requires determinaticm of the contributing water- 
shed, characteristics of the watershed, and the location of the proposed 
works in the watershed. Such infonnatiou may Include mm or all of the 
following: (See Figure 5-l.) 

1. Average elopes of varioue reachee of the principal watercourses. 

2. Average elope of the land In various part8 of the waterehed. 
(Generally thle can be obtained fram the eoil rurvey map.) 

3. Land use broken down Into cropland, graeelaud and woodland. 

4. Area of each of the predmluant soil types or groupe within the 
watershed. 

5. Location of the proposed work, by symbol. 

6. Section or subdlvieion corners and legal deecrlptlon. 

7. Names and extent of property ownership ou large waterehede. 

A watershed map laay be prepared by me or a cmbiaatlou of the follow- 
ing methode: 

1. Drawing laformatiaa on an aerial photograph. 
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Figure 5-l Example of enlargement of watershed planning map 
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2. Tracing from aerial photograph to a work sheet. 

3. Enlarging aerial photograph data by proportioning on cross- 
section paper or enlarging directly with a pantograph, 

4. Drawing information on a USGS topographic map. 

Location (TopoRraphic) Mar, 

The location drawing is used for detail planning and for staking out 
the job. It is cotmnonly known as a plan view of the proposed works. 
Generally, it is drawn to a scale larger than the watershed map, but may 
be combined with a watershed map on some of the smaller jobs, especially 
on small drainage work. Discretion should be used in making such a com- 
bination, inasmuch as all information needed should be on such a map. It 
must be clear, understandable and without undue cluttering of the drawing. 
A location map should show as many of the following items as are needed 
in the design, construction, and future maintenance of the job. 

1. Location of survey centerline, or other survey lines, with ties 
to permanent objects. 

2. Location and plan view of all features (including horizontal 
dimensions) of proposed works with reference to survey lines. 

3. Location and elevation of bench marks. 

4. Location of existing watercourses, ditches, tile lines or other 
features when these affect design. 

5. Location of soil borings. 

6. Surface or subsurface water elevations at time of investigation. 

7. Location of existing fences, property lines, buildings, roads, 
culverts, bridges, springs, wells, borrow pits, etc. 

8. Contour lines. 

Profiles and Cross Sections 
To prepare engineering plans it is often necessary to have detail 

data showing the shape and elevation of the existing ground at the site. 
Normally, profiles and cross sections are used for obtaining and record- 
ing such field data. The detail and accuracy of the survey should be in 
line with the complexity of the site and the structure design. 

Soils 
The engineering qualities and land capabilities of the soil are im- 

portant in determining the feasibility of a structure site or practice 
application. Logs of soil borings or other explorations are used to 
determine: 

1. Adequacy of the foundation materials to support the structure. 
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2. Ability of a reservoir Bite to hold water. 

3. Suitability of the materiala for embankment or channel 
conBtruction. 

4. Drainability of ~011s for effective drainage systems. 

5. Depth to rock, groundwater, or other conditions that may affect 
the structure. 

The depth, method, and scope of the soil and foundation investiga- 
tions will vary depending upon the sise of structure and the hazard of the 
site. Often adequate investigation can be made with the BO~~B auger. 
When observation of undisturbed materials is required, the use of heavy 
equipment such as backhoes and bulldozera haa proven to be efficient and 
econclmical. All points at which inveetigations are made should be num- 
bered and plotted on the plan map, and the findings recorded. 

The technician should consult with coils and geology personnel if 
there is any question of suitability of the materials or Bite. 

Hydrologic 
Host conservation atructuree control, Btore, or provide discharge 

capacity for a certain volme or flow of water. The expected safety and 
efficiency of the structure is related to the accurate determination of 
the design runoff volume or peak discharge of the contributing drainage 
area or other source of supply. 

The capacity of a structure installed to control unregulated stream- 
flow often requires the collecting of existing rainfall and stream dis- 
charge records. The determination of.deaign quantities, unless otherwise 
directed, ie made by procedures outlined in Chapter 2 of this manual. 

Hydraulic 
Certain site data and capacity information are required to evaluate 

the hydraulic requirements of the structure. Items that often require 
consideration are: 

1. Alignment and slope of stream or constructed channel. 

2. Grades and croso Bectione. 

3. Critical elevations. 

4. Upstream and downstream capacities and controls. 

5. Streambed conditions including bedload and deposition patterns 
that affect velocity and erodibility. 

6. Rate of release from controlled supply. 

7. Design flow from hydrologic data. 
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Assembly of Data 

After collecting the necessary field and other pertinent data, it ie 
important that all the facts and informatiou be arranged and recorded in 
an orderly manner. Survey note8 should be reduced and plotted in accord- 
ance with standard methods applicable to the job. Time can be saved by 
plotting field data to the scale and detail in the preliminary phase that 
will suffice for final design and preparation of plans for the project. 

For many project8 the u8e of prepared %ork” or “job” sheet8 can be 
used to record all of the necessary data. These approved etandard forms 
should be used, insofar as practical, for recording the data needed for 
analyzing the problem and the planning of a practical installation. 

Analysis of Data 

In reviewing the collected data, it is important to consider the re- 
lationship of the proposed solution to the overall use of the land. How 
will it affect needed practicea to be installed in the future, and will 
the proposed practice be practical and needed if other measures are 
applied ? 

Detail review is necessary to determine: 

1. The type or series of measures required. 

2. The limitations in location and size of facility imposed 
by the site. 

3. The design procedure8 and criteria that apply to the 
proposed structures or practices. 

Throughout the process of analysis, consideration needa to be given 
to alternate methods and construction materials. A small additional out- 
lay in installation cost may prove a saving in future maintenance and 
operation. All of these considerations should be discussed with the 
cooperator before preparing the final designs. 

DESIGN 

Design procedures include: 

1. Rechecking or refining the estimated (Q) flow. 

2. Hydraulic calculations to provide control, capacity, and 
safety. 

3. Structure design. 

4. Location, dimensions and elevations of important parts of 
the structure end its appurtenances. 

5. Estimate of material quantities. 



6. Specifications for materials and construction. 

7. Estimate of construction costs, 

Each phase of design should be performed by prescribed Service 
methods. It is important that design calculations be documented in a 
neat, orderly manner and checked for accuracy. Figure 5-2 illustrates a 
format for laying out a typical design problem, and a systematic proce- 
dure for documenting the work. 

CONSTRUCTION D0XJM.ENTS 

Drawings 

The preparation of the construction plans or drawings consists of re- 
cording the design and structural requirements graphically in enough de- 
tail so that a technician unfamiliar with the project will have adequate 
information to lay out and see that the work is constructed as designed. 
Construction drawings for complex structures usually involve drafting the 
topographic, cross section and profile data collected in the investiga- 
tion stage. Additional layout and detail drawings, as required, may be 
prepared as the design calculations are canpleted. 

For many on-farm measures the preparation of the construction draw- 
ings may be simplified by using approved standard predesign layouts. The 
standard drawings (national and state forms) require careful review to see 
that: 1) The plan as drawn will fit the site so that the structure will 
function properly; and 2) all required dimensions, elevations and modifi- 
cations are complete. 

A common error in the preparation of the construction drawings is 
the omission of required details, sections, and dimensions. All plans 
should be carefully reviewed for canpleteness and accuracy before they 
are approved and delivered to the cooperator. 

Specifications 

In addition to the detail construction drawings, the construction 
plan often requires written specifications to clarify how the work will 
be done, the quality of workmanship, and methods of testing. 

Another important phase of the specifications is the listing of the 
required quality of the manufactured materials that will be used in the 
work. 

For small projects, the material and construction specifications may 
be documented in the form of notes on the drawings. For larger projects, 
the preparation of a separate specification document or the use of state 
standards is more practical. Otherwise the drawings become so cluttered 
they lose their usefulness. 

- 
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Check Lla& 
The amount of detail required in the courtruction plane will vary 

with the type and site of the job. All jobs, regardlea; of size, ehokd 
be adequately planned. The foll&w list ppcrp be useful in checking the 
adequacy of the drawings and specificationa: 

1. Can the farm be located-fran the plane? 

2, Is the project mite clearly shown? 

3. Can the survey linee be relocated and the job staked for con- 
otructicm ae designed? 

4. Are all dleaeiara and conatructlon detail0 clearly shown? 

5. Are aPateola1 and construction speclficatlme caaplete for 
all parts of the work? 

6. Are material quautitler ahown 

7. Ebr the title block been completely filled, Including the date 
and who deeigned, drafted, and approved the work? 

8. &m the cost estimte been prepared? 

PINAL REVIEW AND APPRWAL 

Before the construction plans are delivered to the cooperator a re- 
view of the derlgn and conrtructiou plans should be -de by a technician 
other than the one preparing the design. 

When required, plaus should be rutmitted to the appropriate state 
technical level for approval. The cmatruction plaus aleo should be 
properly signed and dated by all parties involved in their preparation 
and approval. 

A ccmplete copy of eurvey notes, ueeful basic data, roils logs, de- 
sign calculatioue and other pertinent data, including a copy of the plans 
and specifications, should be assembled and filed in an orderly manner at 
the field location. 

All structures or practices, regardless of type or kind of material, 
will require mainteuance. Changes or additive made during construction 
should be recorded in colored pencil on the office copy of the plans. 
These “as built” plans often are useful when makiug maintenance recamenda- 
tione to the cooperator. They also are useful to the Service for etruc- 
tural design imprwement and evaluation of hydraulic performance. Ccmplete 
“as built” records nmy be valuable la caee of a legal dispute. 
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3. DUWINGS AND DRAFTING STANDARDS 

PREPARATION OF DRAWINGS 

General 

Drawings prepared in outline form, and standard job sheets are avail- 
able in most states for many of the canmonly used conservation structures 
and practices. These forms provide space for recording planning, layout, 
and construction details. Their use is applicable to the less complex 
jobs that require only the data suggested on the form to do an adequate 
job of planning and construction. 

The technician should be aware of such State forms and state-selected 
national forms and use them insofar as they have application to the solu- 
tion of the problem. 

Kinds of Paper 

Numerous kinds and types of engineering drafting paper are available 
through Service supply channels for use in preparing engineering plans. 
Due to the variance in kinds of practices encountered at the field level, 
it is not practical to present a list of drafting paper that may be re- 
quired for all situations. The following kinds have universal use and 
are commonly stocked in field offices. 

1. Profile - tracing or opaque, ruled 4 x 20 to the inch. 
Figure 5-3. 

2. Plan Profile - tracing or opaque; upper one-half of the 
sheet blank and the lower one-half ruled 4 x 20 to the 
inch. Figure 5-3. 

3. Cross Section - tracing or opaque; ruled 10 x 10 to the 
inch. Figure 5-3. 

4. Plain White - tracing or opaque, 

The profile and crossdection types of paper are recamnended for 
use when plotting all kinds of profile or cross-section data, though the 
project may be small. The habit of documenting data in a systematic, 
acceptable manner speeds up plan preparation and helps to eliminate er- 
rors, both in design and construction. 

The plan profile paper has dual use. The upper plain section is 
used to plot location, alignment, topographic features, etc. The lower 
half is used to plot ground and design profiles, which reflect the verti- 
cal control such as elevations, slopes, grade changes, size of pipe, etc. 
See example, Figure 5-4. The profile stationing should be directly re- 
lated to the plan view presented on each sheet. For many small jobs this 
type of paper will be adequate to plan and construct the complete job. 



Profile 
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Plan Profile Cross Section 

Figure 5-3. Sample paper - engineer rulings 

Typical cross sections and structure details may be adequately arranged 
on the sheet to complete the plan. 

Plain sheets are used for preparing watershed maps, location (topo- 
graphic) maps and detail layout drawings, 

Size of Drawing Sheets 

All drawings for a job, regardless of kind of paper used, should be 
prepared on the same size sheet. This practice has advantage for use in 
the field, as well as appearance and ease of filing. The standard size 
sheets used by the Service should be used for all engineering drawings. 
The overall. size and layout details, as suggested by the Cartographic 
Division, are shown in Figure 5-5, 

The selection of the moat practical size for 8 job is dictated by 
the size of the project. In no instance should the size or number of 
sheets be restricted to a degree that necessary sections and detail can- 
not be clearly shown to scale. 





SPILLWAY PROFILE a b,,“n, ,,s, 
CROSS SECTlON THROUGH OUTLET CONOUIT 

Figure 5-4 Example drawing using plan-profile paper 

. . 



l/2’- 
rl TL E BLOCKS 

. 

L 

P 
24% 3t ‘/z” 

I I 
I I 

L-------------i------_nriEl --- 
1 . 

TIHP and File No. should be conristcntly groduotrd lhrough 
at1 drowrnp s1zt5, 

I p-101/2” -‘,’ 2 I ” 

t I s 
, 31’/z”x 42” 
I I 

F J/et1 ,a ,a Drawings Larger Ihan 3l’/z”r 42” = R 
I c 
t 

9 

I 
t 

3 22 

L------ ----- i------t-- i Tl Ti EJ ~---------------------- 
1 

t 

ACCORDION FOLD FORMULA 

L. 8 * X /first F&d/ -8:I”:7’ 

Using this mdhod,titlr is 
visibh rhn shnl is bauad. 

Figure 5-5 Stand’ard drawing sizes I 

‘I 

NOTE: Sberls L, NV, 0 and E 
Ore the On/y sheets oulborired 
for engineerfng drouings. 

----------7 
Title Rlocts should be used on/y 

00 Engmeering and Mprhonicol 
Dfowings. Engineering Drorlngs 
rrquirr borders. 



5-17 

When conditions warrant, the layout may be drafted on a larger scale 
sheet for ease of drafting and then reduced in size by cartographic 
methods. This is the reason for the related dimension8 specified for the 
standard sheet sizes. 

Title Blocks 

All sheets prepared for design and construction must have a title 
block. See Figure 5-6 for Service standard format. A smaller standard 
title block also is available. Each sheet should bear an individual norm- 
ber and a reference to the total nmber of sheets prepared for the work; 
i.e., sheet 2 of 4, 3 of 4, etc. 

- 

form: 

U. S. DEPAR!l’MENT OF AGRICULTURE 
SOIL CONSERVATION SERVICE 

Datm 

D48i@lwd*~-~* ~~~~-c~~~ ~-~1~~-~*-~~- 
APpmmd by lI-____------_--c---___ _I 

-----__I 
Title *---------c--_----____________I 

Dr4Wll ---------------------------------- ___--- * -__-_-_---3-____._____ _____-__ 

Titla m-*-m-* ------_ *-_----------cc-__ 
Tncod ----_cll_-_-__-___-c-c-_-_ ________ hcrt Drawing No. 

No 
Chmckrd. 

Ie-ek*__e. 
-I*~~~-~* --**--- *--** m----w* -____ **. o, 

Figure 5-6. Large standard title block 

The title block should present the following information in condensed 

1. Subject mattor represented by the drawing (plan, cross section, 
detail secti-, etc.). Use job stationing when applicable. 

2. Name of project and cooperator or group. 

3. Name federal department and Service responsible for preparing 
the drawings. 
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4. Name soil conservation district, county and state. 

5. Name of persons who designed, drafted and checked the drawings 
with dates work completed. 

6. Signatures of persons submitting and approving drawings, with 
dates. 

7. A drawilig runnber if applicable. 

The kinds of drawing paper referred to herein may or may not have the 
title block printed on the sheets. Prepared title blocks in the appropri- 
ate sizes can be obtained as a press stickup which can be attached to the 
drawing. They may be used without any appreciable loss of clarity in 
reproduction. 

The title block must appear in the lower right-hand corner of the 
drawing. 

Scales and Plotting 

Watershed Blats 
Watershed maps should be prepared to a scale which will be adequate to 

record the detail information used in design. Often, the general outline 
of the watershed and other useful topographic features can be traced or 
reproduced fraP. existing photos or maps. For small projects the field data 
may be plotted on an aerial photo. 

The following scales are recclarmended for use in preparing maps or 
enlargements: 

1 inch - 165 feet or 32 inches = 1 mile. 

1 inch = 330 feet or 16 inches = 1 mile. 

1 inch - 660 feet or 8 inches = 1 mile. 

1 inch = 1320 feet or 4 inches = 1 mile. 

Location (Topographic) Map 
The size of the location map is related to the amount of data required 

to show the detail characteristics and related locations of the various 
phases of the work. When contours and other topographical features are 
complex a large size drawing will be required, as well as a scale using a 
smaller number of feet per inch. The technician should plan adequate space 
to prepare a clear presentation of the related topographical features and 
the necessary structure layout details. A portion of a structure that re- 
quires extra eections to show construction limits or detail layout or 
assembly may be drawn to an even larger scale. 
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The following scales may be taken aa a guide: 

Toponraphic Detail--Use an engineering scale for 1 inch - 20, 40, 50, 100 
or 200 feet with contour lines shown 1-, 2- or 5-foot vertical intervals. 

Structure Layout and Sectional Detail--Use an architect scale for 1 inch 
or fraction thereof = 1 foot for all structure or assembly dimensions. 
For example, l/4 inch = 1 foot; l/2 inch = 1 foot, 3/4 inch = 1 foot. 

It is common practice to show all structure detail dimensions in feet 
and inches. The architect scale is subdivided to show feet and inches, 
which simplifies preparing the drawings to true scale. 

Profiles 
All profiles should be drawn on profile or plan-profile paper. In 

selecting the scale and starting point for plotting, first determine the 
total length and total difference in elevation fran the field notes. Then 
select a horizontal scale and starting point so that the profile will be 
well spaced on the sheet, taking into account any other detail required to 
be shown on the drawing. The next step is to select a vertical scale and 
vertical starting point so that adequate vertical detail may be represented, 
keeping in mind required space for other drawings planned for the same 
sheet. 

After selecting the starting point, the profile points are plotted at 
the proper location on both the horizontal and vertical scale. Adjacent 
related ground or planned profile points are connected by straight lines, 
using a triangle as a straightedge. 

When approximately parallel lines are plotted on the same profile, 
such as opposite ditch banks, the representative lines should be labeled 
right and left bank as viewed in the direction of increasing stationing 
on the profile. 

Designed gradelines, such as a proposed bottw of ditch or tile line, 
are represented by a heavy straight line connecting computed plotted 
points. 

The horizontal scales for profiles should be 1 inch = 20, 40, 80, 
100, 200 or 400 feet. Only the heaviest (10th vertical) lines are marked 
in stations. Using the above suggested scales, these heaviest lines 
would be 50, 100, 200, 250, 500 or 1,000 feet apart. 

The vertical scale should be 1 inch = 2, 4 or 8 feet. Only the 
heavy (10th horizontal) lines are labeled. Using the above suggested 
scales the heavy lines would be 5, 10 or 20 feet apart. Every heavy line 
should be marked to show the complete elevation representing the datum 
used in the field survey. 

Cross Sections 
Cross sections should be plotted on cross-section paper (10 x 10 to 

the inch). They should be plotted as viewed when looking in the direction 
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of increaeiag ataticmlug of the survey; I.e., frw Station CM00 toward the 
next advancing rtation. 

The cmplete profile staticm at which each C~OBB eectiou was taken 
should appear under the plotted eecticm. At least two elevations should 
be shown ala-@ the left margin of the section to relate the survey eleva- 
tions to the cross section ae plotted. 

The survey centerline, or reference lines used la the field for con- 
trol, alao may be shown on the cro#a sectim. For large sections it ie 
helpful to eetabliah horizontal etatioua for the eectiou, usually ata- 
tioued Q-l-00 at centerline and increasing both to the right and left of 
centerline. 

When practical, the croea rection should be plotted to the same hori- 
zontal and vertical scale, 1 inch = 5 feet, or 1 Inch - 10 feet, thereby 
preeenting an undietorted view. when thie ie not poeeible, theee scales 
rhould be altered ao that the full rectiou can be ehown on the eheet. In 
much, caeee, for example, the vertical male may remain 1 inch = 5 feet or 
10 feet, and the horirontal rcale increased to 1 inch = 20 or 50 feet. 
All cross-sectim sheets rhould ehow the horizcmtal and vertical male 
ueed for plotting. 

Qoil Lone 
The soil boring6 or teet pit data recorded in the field should be in- 

cluded on the couetruction drawings. All teat altee should be accurately 
plotted to ahow location and elevation. Standard SCS legend symbols used 
for recording and plotting log informtion are ahown in Figure l-19, Chap- 
ter 1, of this manual. The boring loge rhould be plotted on the profiles 
or cross section8 at the location6 taken. When adequate roam ia not 
available, the location my be ahowu on the profile and the actual log 
presented to the ride. When teat sitea do not,appear cm the profile, the 
location may be identified on the location map and the log data, properly 
identified, may be plotted on a separate sheet or at other couvenient lo- 
cations on the drawing. 

A word description of the sample material, placed alougeide the 
plotted boring, is helpful and saves time in referring to field data note- 
books. Applicable grmmd water levels with date of observation ehould be 
ehown on the logs. 

The Unified Soil Claeelfication System ehould be ueed to describe 
and log all applicable soil materials. 

DRAFTING DEQUIRENEDTS 

General 

Engineering work sheets and other drawings prepared by work unit per- 
eonnel are not expected to be of a drafting quality produced by a skilled 
draftsman. However, field peraounel whose duties require the preparation 
of engineering drawings are expected to perform such work in a legible, 

- 
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neat, orderly and understandable manner. The appearance of the drawlngr 
will affect the degree of confidence with which they are accepted by co- 
operators and othera in and outside the Service. 

EauiDment and Huterisle 

Due to the various coaditionr found la work unltr, it ir not poeeible 
to prepare a complete list of all materials needed in every work unit for 
preparing engineering plane. The following includea the drafting ruppliee 
generally required in preparing the normal kindr of engineering plaae: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8, 

Paper - the typer and kindr of paper lieted are available in 
rolls or etandard SCS sire rheetr with printed border linea 
and title blmkr. 

Profile - tracing or opaque (W’ aise SC!+316A; “B” aloe SCS-316) 

Plan profile - tracing or opaque (‘9” rise SCS-317A; “E” ri=e 
scs-317) 

Croee section - tracing or opaque (“H” size SC&315A; “E“ eiae 
scs-315) 

Plain - tracing or opaque (W’ else SCS-313A; ‘FE” rize SCS-313 
or 313C) 

Cwputaticm padr - SCS-522A or SCS-523 Bev. 

Applicable rtandard rtate and natI- work- rheetr and predeeign 
structure eheet8. 

Trianglee - 45" and 30x60*. 

Scalee - ll-Inch engineer’6 and 120inch architect’e. 

Retractor - 360’. 

Drafting board 3 feet x 4 feet (mini-IwIth T rquare. 

Planimeter . 

l4inor item - F, BB, H, 2H, 3H, and 4H pencils, pencil 
eharpener, eandpaper pade, aciueora, tape, thumb tacke, 
India ink, pens, lettering guide, etc. 

Use of Pencil 

l?early all drawings made at the field level will be done in pencil. 
With reasonable care, a very creditable drawlug can be prepared. If the 
proper weight linea are uaed , good photoetatic or direct print reproduc- 
tions can be made. The use of pencil eliminatea a great deal of work 

B 

normally required in making ink trasinge. In am cages, however, it my 
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be necessary to do considerable trial layout work in pencil on a contour 
sketch, as for a contour orchard or terrace system. In such cases it 
will be desirable to ink in the contours before beginning the trial layout 
work to avoid erasing the original contour lines. 

Lettering 

All lettering and numbers within the body of engineering sheets 
should be 3/20” high for capitals and l/10” high for lower case letters. 
On the profile paper this is equivalent to three of the finest lines high 
for capital letters and two lines high for lower case letters. Titles in 
title block should be all capitals l/4” high (five of the finest lines on 
the profile paper). Avoid the use of lettering any smaller than specified 
above if the drawings are to be reduced in size; otherwise, the lettering 
will be difficult to read. 

The style of lettering used should be consistent with standard engi- 
neering practice. Elementary survey textbooks and the Service Carto- 
graphic Units provide examples of acceptable methods of forming letters 
and numbers. Each technician should practice to becane proficient in 
making uniform lettering. 

Standard Svmbols 

Symbols used in the preparation of maps and engineering plans should 
be consistent with the national cartographic mapping symbols. Figure 
l-18, Chapter 1 of this manual, exhibits s(lme of the more cormno~~ symbols 
used in conservation planning. 

For more detailed coverage, the technician is referred to the Stand- 
ard Map Symbols for Soil Conservation Service. 

Scales 

The scale for all drawings and detail sections should be shown. 
Sketches or typical sections not drawn to scale should be BO noted. For 
drawings which will not be reduced in reproduction, the numerical scale 
may be used; i.e., 1” = 100’. However, if the drawings are to be reduced, 
the numerical scale becunes useless unless the reduction ratio is known. 
In such cases a bar scale is required. 

Reduction of the drawing does not affect the usefulness of this scale 
since it is reduced by the same ratio as the drawing. Figure 5-1 illus- 
trates this type of scale. 

The bar scale should be accurately drawn to the scale used for the 
view represented, and should include labeled subdivisions so that the use 
of the scale is simplified. 

North Arrows 

North arrows should be shown on each watershed map, location plan, 
and contour map. Technicians may use their own style north arrow so long 
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as it is not too elaborate. 

Prepared stick-on standard type north identifications are available 
from the Cartographic Units. Field locations preparing large numbers of 
engineering plans may justify maintaining a supply of this type drafting 
aid. 

Legal Descriptions 

The location of all proposed structures should be identified by some 
acceptable manner. 

For structures requiring state or other agency approval it is neces- 
sary, in most instances, that the structure site be located by actual sur- 
vey and referenced to accepted legal section or subdivision corners. The 
legal description should be checked to determine that the correct section, 
range and township nmbers have been recorded. 

It is desirable that other improvement sites are located within the 
proper section and subdivision as accurately as possible from existing map 
or field data. The legal land description and properly oriented structure 
site may be shown on the watershed or location map. For minor structures 
the legal site description may be included in the engineering plan title 
block. 

General location information can be obtained fram the Soil Conserva- 
tion District Map, USGS quadrangle sheets, U. S. Forest Service maps and 
other acceptable maps. 

\ 

Bench Marks and Transit Points 

It is good engineering practice to establish well identified bench 
marks and transit points at the time of making the design survey. During 
the process of making the survey adequate location data should be obtained 
so that the necessary vertical and horizontal control may be plotted on 
the construction plans. This is an important detail since scrmeone not 
familiar with the site may be required to do the construction layout. 

In addition to showing the location of the bench marks, the correct 
elevation and description should be included. 

Transit points set in roadways or.other locations that may be dis- 
turbed prior to-construction should be referenced by adequate ties. The 
description of the ties and location with distances to the transit point 
should be shown in the field notes and on the construction drawing. 
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